Objective In the year 2000, the Philippines' Department of Health adopted mass chemotherapy using praziquantel to eliminate schistosomiasis. Mass treatment was offered to an eligible population of 30 187 residents of 50 villages in Western Samar, the Philippines, in 2004 as part of an ongoing epidemiological study, Schistosomiasis Transmission and Ecology in the Philippines (STEP), aimed at measuring the effect of irrigation on infection with schistosomiasis. This paper describes the mass-treatment activities and factors associated with participation. Methods Advocacy, information dissemination and social mobilization activities were conducted before mass chemotherapy. Village leaders were primarily responsible for community mobilization. Mass treatment was offered in village meeting halls and schools. Participation proportions were estimated based on the 2002-2003 census. Community involvement was measured using a participation index. A Bayesian hierarchical logistic regression model was fitted to estimate the association between sociodemographic factors and residents coming to the treatment site. Findings A village-level average of 53.1% of residents (range: 21.1-85.3) came to the treatment site, leading to a mass-treatment coverage with an average of 48.3% (range: 15.8-80.7). At the individual level, participation proportions were higher among males, preschool and school-age children, non-STEP participants and among those who provided a stool sample. At the village-level, better community involvement was associated with increased participation whereas a larger census was associated with decreased participation. Conclusion The conduct of mass treatment in the 50 villages resulted in far lower participation than expected. This raises concern for the ongoing mass-treatment initiatives now taking place in developing countries. 
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Introduction
Schistosomiasis remains a major public health problem in the Philippines. Some 6.7 million people distributed in 1212 villages (barangays), predominantly in the islands of Leyte, Samar and areas of Luzon and Mindanao, are at risk of the disease. 1 In 2000, the Philippines' Department of Health adopted mass treatment as its schistosomiasis control strategy with the aim of disease elimination.
2 Mass chemotherapy with praziquantel has proven cost-effective in high-prevalence areas such as China. The rationale and strategies for global schistosomiasis mass treatment were recently reviewed by the Schistosomiasis Control Initiative. 4 In the Philippines, mass treatment is offered to all residents ≥ 5 years of age, in barangays with prevalence ≥ 15%, without the need for stool examination.
Even though annual mass treatment is recommended, its frequency depends largely on the availability of praziquantel nationwide. When the drug stock is insufficient, priority is given to highly endemic areas.
This study is a secondary analysis of data collected as part of a research project entitled Schistosomiasis Transmission Ecology in the Philippines (STEP) which aimed to develop a dynamic model of the influence of anthropogenic changes due to rice farming on the transmission of Schistosoma japonicum parasitic worms. Results of the baseline part of this project have been published elsewhere.
5, 6 The design of STEP included the mass treatment of all residents of the 50 participating barangays to compare the 1-year risk of reinfection in irrigated and rain-fed barangays. Our intent was to treat all barangay residents including those who were not STEP participants. STEP participants were involved in intensive data collection activities. The conduct of the mass treatment was expected to be relatively uncomplicated, but coverage was much less than expected. Thus, here we describe in detail the mass-treatment activities and conduct secondary analyses to explore correlates of participation and coverage in 50 barangays in Western Samar province, the Philippines.
Methods

Study population
Prior to 2004, no schistosomiasis mass treatment had been offered in Western Samar. Health services in the Philippines are delivered through a hierarchy of health centres. The 50 study barangays did not have any main health centres but
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there were 12 barangay health stations (BHS) and 145 barangay health workers (BHWs). Neither stool examination for schistosomiasis nor its treatment are offered in BHS. Patients suspected of being infected are referred to the Schistosomiasis Control Unit (SCU) offices in the capital Catbalogan. Hence, before the mass treatment described here, only a very small proportion of the Western Samar population had ever been treated for schistosomiasis. Based on information from STEP, less than 1% of participants had been treated with praziquantel in the previous 12 months (data not shown). All residents were offered praziquantel treatment. Selected residents from each barangay had participated in the STEP cohort study. The STEP project had a defined sample of 5995 individuals ≥ 5 years who consented to participate in the research. 5, 6 Detailed descriptions of research design, sample selection and baseline epidemiological findings appear elsewhere. [5] [6] [7] The study design involved a follow-up assessment of human and animal infection 1 year after mass treatment of all willing residents, not just the STEP study participants.
Mass treatment advocacy and mobilization activities
Before the mass treatment, the STEP research team conducted six focus group discussion sessions among farmers, women and teachers of six barangays from different municipalities and with SCU team members. The focus groups were used to obtain community perceptions and beliefs about the cause, transmission, signs and symptoms, diagnosis, perceptions of severity and treatment of schistosomiasis. This information was used to develop messages to promote participation in the mass treatment. These messages were translated into the local dialect and used in culturally acceptable illustrated flipcharts and flyers.
The STEP research team, SCU, main health centres and BHS planned and coordinated the mass treatment implementation. In each barangay, 2 weeks before mass treatment, the STEP research team conducted an orientation workshop attended by community representatives including BHS midwives, barangay leaders, BHWs, school teachers and other residents suggested by the barangay leaders. The orientation included a description of schistosomiasis-associated symptoms, its impact on children's school performance and the availability of effective treatment. Group discussion and sharing of experiences allowed the exchange of ideas and clarification of misconceptions about schistosomiasis presented using the flipcharts. Mass treatment as a schistosomiasis elimination tool was introduced with emphasis on the importance of very high community participation. The community representatives discussed and decided on the treatment sites, individuals to be mobilized to assist in the activity and their responsibilities during the mass treatment. The treatment sites were the BHS or barangay halls, and schools for school-age residents.
Posters about the activity were placed in strategic places and flyers announcing the date of the mass treatment and advantages of participation were distributed to each household. Moreover, the barangay heads were provided a list of the community residents who had been tested positive for S japonicum based on stool examination. It was emphasized that the people on that list should be prioritized and encouraged to participate in the mass treatment. In 46 barangays, activities included: (i) a barangay assembly, a public address system or ringing of the bell on the day of mass treatment (23 barangays); (ii) a house-to-house information saturation drive (seven barangays); or (iii) both approaches (16 barangays). Out-of-school youth and BHWs were mobilized for the house-to-house visits in 21 barangays. No additional dissemination was done in four barangays.
Community participation index
The 50 barangays were categorized according to the level of community involvement in the conduct of the mass chemotherapy. The community participation index included: the use of bandilyo (an individual announcing the activity using a megaphone), mass announcements and mass media to disseminate information (15 points), house-to-house visits for information dissemination (25 points), presence of the barangay mayor during the treatment activity (10 points), proportion of barangay officials (up to 20 points depending on the proportion) and of BHWs (up to 20 points depending on the proportion) completing their assigned tasks, and the participation of other residents (10 points). Based on these, barangays were classified as having low (< 25 points), fair (25-49 points), active (50-74 points) or high (≥ 75 points) involvement.
Census
The STEP research team conducted a census of the barangays in 2002-2003. All households identified on a map developed by the STEP project were visited and a structured questionnaire was used to obtain sociodemographic information.
Recording of mass-treatment participants
Based on census lists, residents appearing at the treatment registration area had their names checked as they presented themselves. They were also asked about the whereabouts of other family members and neighbours to assess resi- dency and vital status and pregnancy status of non-participants. Information was recorded on consumption of both doses of praziquantel and adverse reactions (not reported here). Praziquantel was administered in two equal split doses to give each individual a total of 60 mg/kg. The split doses were administered 4 hours apart with the first dose usually between 09:00 and 12:00. To facilitate the individual's return for their second dose, their return time was written on their arm. In 12 barangays, the public address system or the community bell announced the commencement of the second-dose treatment. Towards the end of the day, BHWs and school children in seven barangays went to non-adherent residents' houses to invite them to come back for their second dose.
Eligibility criteria
Enumerated individuals at least 5 years old were eligible for treatment. Exclusion criteria included hypertension measured on site, self-reported history of asthma, allergy, pregnancy, lactation, recent delivery, possible pregnancy, seizure disorder, past surgery or currently experiencing sickness. Participants who were drunk or had been treated in another barangay were excluded.
Directly observed treatment
The provision of praziquantel adhered to the Department of Health guidelines. Body weight was recorded and a physical health assessment was made by SCU physicians. Consumption of both doses of praziquantel was directly observed by BHWs.
Protection of human subjects
The research was approved by the institutional review board of Brown University and the Research Institute for Tropical Medicine. Written informed consent for individuals below 18 years old to receive praziquantel treatment was obtained and provided by parents. Since mass treatment was a health service usually delivered by the SCU in all endemic barangays, written informed consent of adults was not usually obtained.
Statistical analyses
Descriptive statistics were conducted in STATA, © version 8 (StataCorp. LP, College Station, TX, United States of America). 8 Crude proportion prevalence odds ratios (POR) for the participation proportion were calculated with their 95% confidence intervals (95% CI) using the exact approach. The barangaylevel median and interquartile range of the participation proportions were calculated for variables measured at the barangay level.
The participation proportion was estimated by dividing the number of enumerated individuals (≥ 5 years) who presented for treatment by the number of enumerated individuals (≥ 5 years). The coverage was estimated as the number of enumerated residents receiving both treatment doses divided by the number of enumerated individuals. Because people not eligible for the treatment were part of the denominator, we also estimated an adjusted coverage where the estimated number of eligible residents was calculated based on the age-gender distribution of eligible residents who did present themselves to the treatment site.
The effects of age, gender, having had a parasitological exam and its results, participating in the STEP project (individual-level) and method used to encourage participation, census and irrigation classification of the barangay (barangay-level) on presenting oneself for treatment were estimated using a Bayesian hierarchical logistic model. Variables that showed some association with the participation proportion in the descriptive analyses were included in the multivariate analysis. In addition, a model including all variables included in the community involvement index was fitted. The result of this model suggested that the index was more informative than any component of the index taken in isolation. Hence, we report the result from only one model here. The POR and their 95% Bayesian credible intervals (95% BCI) are reported. All Bayesian analyses were conducted using WinBUGS version 1.4 (MRC Biostatistics Unit, Cambridge, England).
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Results
Population census
The 50 barangays had a total population of 35 199, of whom 30 991 were ≥ 5 years old. Of these, 128 were deceased and 676 had permanently moved away from the barangay at the time of the mass treatment and were excluded from the denominator, for an updated census of 30 187 people. 
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Mass-treatment participation
The estimated overall participation proportion was 48.6% (14 678/30 187) and the overall coverage was 44.4% (13 416/30 187). Using an adjusted eligible population of 28 268 people, the adjusted coverage was estimated to 47.5%. Fig. 1 Characteristics associated with participation Table 1 shows the sociodemographic characteristics of mass-chemotherapy participants and non-participants. The participation proportion was slightly higher in males than females. Preschool (5-10 years old) and school-age (10-16 years old) children had a higher participation proportion than adults, with the > 16-40 years old group participating the least. Among adults > 40 years, 38.0% of women and 40.6% of men participated. There were 5995 STEP participants (19.9% of all residents) with 4856 of them (81.0%) providing at least one stool sample. Another 1882 (7.8% of all residents) non-STEP participants provided one stool sample. Overall, the participation proportion was much higher among those with a positive stool sample (87.4%), followed by those with a negative stool sample (66.2%), compared to those who did not provide any stool samples (42.5%). This distribution was similar in STEP and non-STEP participants. Table 2 shows the median and interquartile range of the participation proportions according to the irrigation status, community involvement factors and the community participation index.
The use of mass media to announce the mass treatment and the involvement of residents in the mass-treatment activities had some impact on the participation proportion. The community involvement index suggests that those barangays with low or fair involvement had a lower median participation proportion than those where it was active or high. Table 3 shows the results of the Bayesian hierarchical logistic model. There was a strong confounding effect between being a STEP participant and having had a parasitological exam. Whereas the crude POR suggested that being a STEP participant increased the participation proportion, the adjusted estimate suggested a decrease of participation among STEP subjects (POR: 0.71; 95% BCI: 0.65-0.78). Participation was increased among those with a positive parasitological exam (POR: 10.29; 95% BCI: 8.47-12.57) and a At the barangay level, a higher community participation index was associated with increased participation. Also, for each increase of 100 people in the census (≥ 5 years old), the participation proportion was reduced by 6% (POR: 0.94, 95% BCI: 0.90-1.00).
Discussion
The goal of the Philippines' Department of Health is a schistosomiasis-free na-tion using mass treatment. Our findings suggest that this goal may be difficult to achieve due to low levels of participation by residents of endemic barangays. Despite vigorous community preparation activities, coverage was < 50%, which will not be sufficient to eliminate schistosomiasis. 10 Our results indicate that participation in mass treatment is determined by individual factors, such as age, gender and knowledge of infection status. The barangay-level community involvement index is also a good indicator of participation. However, even in barangays with high community involvement, the average participation was only 56%. Much more intensive and extensive community-based education, preparation and perhaps incentives may be required to increase participation and coverage. These need to be formulated after detailed qualitative and quantitative research in endemic barangays about schistosomiasis knowledge and attitudes, perceptions of the burden of disease and reasons for seeking or refusing treatment. Although such social science studies have been done elsewhere regarding other aspects of schistosomiasis, we found no published studies focused on the detailed correlates of successful mass treatment with praziquantel.
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The higher participation proportions of school-age children can be explained by treatment delivery in schools, a strategy which was not employed before. School-based programmes have been demonstrated to be the most cost-effective approach to control schistosomiasis.
14,15 However, even the coverage among school-age children (aged < 16 years) was less than 60%, which is unlikely to lead to schistosomiasis elimination. A Nigerian study compared three modes of antischistosomal mass-treatment delivery to a population of 5-19-year-old residents in six villages: health facilities, schools or communities.
16 Community delivery had the highest coverage with 72.2% (range: 69-73) compared to 44.3% (range: 39.5-62) for health facilities and 28.5% (range: 26.3-74.5) for schools, leading to the conclusion that school-age children, whether attending school or not, were covered better through community delivery.
Males were marginally more likely to participate in the mass treatment. We expected women in their reproductive years to have a much lower participation proportion than men in the same age group, but the difference was very small. The lack of a gender difference is overshadowed by the overall low participation in mass treatment among adults > 16-40 years.
Knowledge of positive infection status has a very strong impact on participation which is partly due to the active seeking of those infected. The higher participation among those with a negative parasitological exam suggests that individuals who have submitted a stool sample might have felt at risk of and vulnerable to infection. It is difficult to advocate that provision of stool samples will help improve participation in mass treatment. The costeffectiveness of mass treatment derives partially from the absence of screening costs and the burden of providing stool samples. Among those who did not provide a stool sample, anecdotal comments collected in the village included the belief that they could not be infected since they did not frequent water bodies where the parasites are found. Such perceptions need to be corrected through intensive health education and promotion.
A surprising result was that participation in the STEP project was associated with a reduction of 41% in the mass-treatment participation proportion. A possible explanation is that STEP participants felt that they knew enough regarding the infection and did not need treatment. The STEP participants may also have been burdened by so much information, about schistosomiasis through their recruitment, answering of many questionnaires and provision of up to three faecal specimens, that they may have wanted to circumvent further data collection. When the additional mass-treatment information and mobilization campaigns occurred, the messages and social influences were not as salient. These are informed speculations and it is clear that we need much more detailed research on what motivates individuals, families and communities to participate in mass treatment for schistosomiasis.
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Our results show that more active community involvement was associated with an increase of 160% in the participation proportion. Despite using community participation for the information and mobilization activities, there was variation across communities in their abilities to mobilize barangay leaders and volunteers to actively campaign for mass treatment. Hence, one of the major challenges for implementing future mass-treatment campaigns would be to convince local authorities and villagers to contribute more time and effort to mass-treatment activities.
Decisions to use mass treatment as the primary method of schistosomiasis 3% (intervalo: 15,8-80,7) . A nivel individual, los porcentajes de participación fueron mayores entre los hombres, los niños en edad preescolar y escolar, los participantes ajenos a STEP y las personas que proporcionaron una muestra de heces. A nivel de aldea, una mayor implicación de la comunidad se asoció a una mayor participación; ésta disminuía en cambio cuanto mayor era el censo. Conclusión La práctica del tratamiento masivo en las 50 aldeas estudiadas se asoció a una participación muy inferior a la prevista. Esto suscita preocupación en relación con las iniciativas de tratamiento masivo que se están llevando a cabo en los países en desarrollo.
Résumé
Le traitement de masse est-il une stratégie appropriée pour l'élimination de la schistosomiase ?
Objectif En 2000, le ministère de la santé philippin a adopté la chimiothérapie de masse par le praziquantel pour éliminer la schistosomiase. control and elimination must be discussed. Since exposure to infection starts with water contact, schistosomiasis prevention education should start in school, as is currently being done for malaria. The rationale and results of such school-based anti-schistosomal activities have been well described. 14,18 The content of schistosomiasis education and control should be examined and scrutinized. It should include, among others, the need to address misconceptions about the vulnerability to the disease and the reactions to the drug. Including information on the economic impact of the disease and how it affects school performance of school children should also be explored.
In summary, we find that the conduct of anti-schistosomal mass treatment in 50 barangays in Samar, the Philippines, resulted in far lower participation than desired. Although we find it interesting and plausible that individual and community factors were related to higher participation, it is obvious that much more fundamental and applied behavioural and social science research must be conducted. The results of such research should improve the intensity, content and targeting of community-and individual-level information, education and incentives around mass treatment. ■
